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ABSTRACT

The na”igat ional  buoys s i tuated along the main shipping channel of

San Francisco Bay ’s upper port ions - through San Pablo and Suisun

Bays - provide biofouling su r faces  of cons tant  depth with known main-

tenance h is tor ies  and fixed locations throug h a mean sal ini ty range of

4 to 24 pa r t s  per thousand (ppt) .  Inves t iga t ion  of the biofoulers  of these

buoys indicates the typical  communities and which species are  sal ini ty

const ra ined in range and by what sa l in i ty .  Twelve sets of samples were

taken , each consisting of the sur face  scraping s of two 929 square centi-

meter (cm) (one square foot)  a reas , one with its top marg in at the

mean waterline, the o ther with its upper margin  at the 61 cm depth

level. Thi s was done (with a few except ions)  resul t ing in 23 individual

samples being obtaine d with 41 species identif ied and 48 , 376 individual

organisms counted. San Pablo Bay ’s dominant biofouler  is the mussel

Mytilus edulis growing in heavy colonies with worms , amphipods ,

tunicates , and bryozoans.  Suisun Bay ’ s biofouling g rowth  is of th ree

par ts  - al gal f rom the sur face  to 1 5 cm depth;  a low biomass of barnacles

and amphipods to a depth of 61 cm; and the rea f t e r  the erect  bryozoan

Membranipora  per f r ag il i s  dominates.  In San Pablo Bay,  the barnacle

Balanus crenatti s is replaced by Balanus improvisus  at salini t ies  of

less tha n 2 1 ppt. Some less well defined sa l in i ty  tolerances were found

but hig her population values per buoy were  needed to make reliable

statements about most species.
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I. INTRODUCTIO N

This thesis  is a resu l t of an i n t e r e st  in what , if any ,  easil y identi-

f ied  biofouling species may be of value as “ sal ini ty  indica tors ”b y v i r tue

of the maximum or minimum sal ini ty to le rances  within which that species

may be found.  The opportuni ty  to gather the necessary raw data pre-

sented itself through TJ • S. Coast  Guard  contacts  and so resu l t ed  in a

s tudy of the sal ini ty to lerances  of the b iofoulers  of navigat ional  buoys

along the main shipping channel of Sari Pablo and Suisun Bays . The

onl y p rev ious  stud y was a survey  made in 1942 of the fouling of navi ga-

tional buoys in San Franc i sco  Bay which was r epo r t ed  in Marine Foul i~ &

and Its Preven t ion,  p repared  by Woods Hole Oceanographic Ins t i tu t ion

for  the U. S. N avy during and a f t e r  World Wa~ II.

The author ’ s most s incere  apprec iat ion  must  be extended to the

commanding o f f i ce r  and crew of the U. S. C. C. C. Blackhaw wi thout whose

aid the raw data would never have been ga thered .  The a s s i s t a n c e  and

informat ion  provided  by them and the other coastguardsme n of  San

Francisco stat ion were  of g rea t  value.

Invaluable aid in classif icat ion of var ious  species was given in a

profess iona l  and rapid manner  by many peo ple , amo ng them: Dr. I. A.

Abbott of Hop kins Mar ine  Station , J. T . Can ton of U n iv e r s i t y  of

Cal i fornia  at Davis , Dr .  E. C. Hader l ie  of the U. S. Naval  Pos tg radua te

School , L. Holberg of Moss Landing State Marine Labora to ry ,  arid

10



3. Inase of San Francisco State Un ive r s i t y .  Their help was irreplace-

able and s igni f ican t  to this s tudy.

Final ly,  the author ’ s wife and f r i ends  must  be given c red i t  for

enormous patienc e in tolerat ing fo r malin fumes and dark m u t t e r i n g s  of

“ cr i t ter  counting , “ while providin g stead y suppor t  to him in his

endeavors .
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II. NATURE OF THE PROBLEM

The study presented in this paper is of two parts. First , the

examination of the biofouling community typical of a near-surface hard

substrate located in or near the main shi pping channel of the nor thern

port ions  of San Franc isco  Bay. Second , an attempt to correlate  species

population t r ends  with the environmental  pa ramete r s , especially sal ini ty,

and to determine some salinity toleranc e values where  possible when

the cor re la t ion  is s t rong  enoug h.

Reso lv ing  the f i r s t  part  r equ i red  a sampling of the communi t ies

p r e s e n t  over a wide area in a relatively shor t  period of time . It also

dema nded a known h i s to ry  of the subs t r a t e  including its ant i - foul ing

t rea tmen t .  This could be s a t i s f i e d  by the services  of the U. S. Coast

Guard as discussed below.

Solution of the second part required both sufficient population data

and accurate environmental data to define the gradients present in the

water .  This por t ion of the overall problem proved less amenable to

easy resolution , as will be discussed later .

A br ief  summary of buoy operat ions  is included here  to provide  the

necessary background for the references to it throug hout the paper.

The U. S. Coast Guard is charged with main ta in ing  “aids to navigat ion ”

throug hout U. S. navigable wa te r s .  As par t  of this  sys tem it uses a

12
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sys t em of floating navi gational buoys to mark the main shipping channel

in the upper San Francisco Bay. To serv ice  these  buoys the re  is a

buoy overhaul ing  fa c ilit y at Yerba Buena Island in San Francisco , and

a 180 foot long buoyten der  ship,  the U .S. C. C. C. Blackhaw, also at

Yerba  Buena Is land.

One of the func t ions  of the faci l i ty  is to t r ea t  the exter iors  of buoys

broug ht in for  overhaul  in the following manner :  sandbl as t ing  to smooth

clean metal , one coat of wash pr imer , eig ht  coats of a n t i - c o r r o s i v e

red lead (nine layers  are  sometimes neces sa ry  to achieve the des i red

paint  th ickness  under  some weather  condi t ions) ,  two coats of s t anda rd

ant i - foul ing paint , and two coats of the appropr ia te  color paint . All the

paints used are s tandard types obtained throug h the U. S. N a v y ’ s G. S.A.

stock system. After  d r y ing , a buoy is placed on piers where  it awai ts

loading onto the buoytender (see fl iustratio n 1 for a recent l y overhauled

and loaded buoy before  its immersion in the bay) .  The time between

these  major  overhauls  is a function of how the paint holds up in protect-

ing the metal f rom cor ros ion , not how ef fec t ive  it remains in r e t a r d i n g

biofoul ing (Pers . corn. ,  Mr. Evans , Shop Foreman , Yerba Buena buoy

facility).

The only other maintenance a buoy rece ives  on a regular  basis  is

a ‘scraping and inspect ion ” every other year  b y the buoytender .  This

consis ts  of the buoy being lifted out o the wa te r  (at i ts  stat ion in the

bay) ,  manually scraped clean of b iofoulers  with broad flat blades

13
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similar  to paint s c rape r s  mounted on broom handles , while the light ,

b a t t e r y ,  and condi t ion of the chain are checked.  Its maximum exposure

time out of water  is one half hour at most. The qual i ty  of this exter ior

cleaning is general l y very  good including removal  of barnacles.  The

elapsed time between freshl y painted buoys being placed in the water

and being sampled , and the time between the last  previous cleaning and

sampling for  the buoys used in this stud y is shown in months on Table I.

The buoys of the shallow upper San Franc i sco  Bay reaches  were to

be replaced b y permanently fixe d steel pilings in the fall of 1976. This

woul d mean the removal of large numbers of main shipping channel buoys

over a relatively short  period of time , providing the sampling opportu ~

nity required.  By r iding aboard the U. S. C. C. C. Blackhaw as this was

done , sa;nple scraping s of buoy su r faces  could be obtained and corre la ted

with the buoy ’ s h i s to ry ,  r ecords  of which were kept  on the ship (Pers .

corn. , Lt . jg. C. Amen , Operat ions O fficer , U. S. C. G. C. Blackhaw).

_ _ _ _ _ _ _ _ _  
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TA8LE I
BUOY DATA

BUOY NUMBER 2A 30 3b 5 7 8 9 II 12 13 10 I4
Time since last painted (mO. )  77.3 43.5 43.7 81.9 67 ,3 65.2 49 , 65.7 ~o.3 91.8 35.1 73.8
Time s ince last scraped clean

(mo.) 11.7 12,3 O~2 2.2 6.7 11.7 11,7 4.9 11.7 11.5 4 .0 11.5
Depth of water (feet) 25 37 37 36 32 32 30 30 31 38 30 28
Distance to next buoy upriver

(nautica l miles; “ “  ind i-

cates cross—channe l buoys) 1,7 2.0 - 1.2 0.1 1.2 1.1 0.1 1,1 6.6 0.6 -

Date sampled (mo - /day/76) 8/9 8/2 8/9 8/9 8/9 8/9 8/9 8/9 8/9 8/2 8/2 8/2
Order in whkh samp led 5 I 6 7 9 8 10 II 12 2 4 3
Amount of area sompI~ed (sq.

cm.un less indicated by ’ ”
as sq. m . )
Surface 929 - 929 929 929 929 929 929 929 .25 929 .25
61 Cr,, Level 929 .25 929 929 232 929 929 929 929 T~2 929 ~~~

Number of species:
Surface 15 - 5 6 17 II 5 9 7 8 5 9
61 cm Level 22 12 4 ID 13 18 14 II 13 17 II 15
Total 26 12 8 12 21 20 16 12 I6 (9 13 17

Buoy positions:
Latitude (north)

degrees 37 38 38 38 38 38 38 38 38 38 38
minutes 58 00 01 02 02 03 03 03 03 03 03
seconds 53 45 0 51 30 25 10 23 15 34 55 55

Longitude (west )
degrees 122 122 122 122 122 122 122 122 122 122 122
minutes 25 24 ~, 22 21 21 19 l8 18 17 03 02
second s 04 40 21 03 00 45 20 20 00 05 22

MEAN TIME SINCE LAST PAINTED: 6l.8 months
ONE STANDARD DEVIATION : 17.9 months

MEAN TIME SINCE LAST SCRAP€ D CLEAN: 9.3 months
ONE STANDARD DEVIATION : 4 .3 months

MEAN DISTANCE TO NEXT BUOY(not including cross-channel buoys): I 6 n.m
ONE STANDARD DEVIATION: .9 n.m.

15



III. AR EAOF STUDY

The San Franc isco  e s t u a r y  sy s t em (F i g u r e  1) cons i s t s  of the upper ,

centra l , and south bay a reas . The area f rom which the buoys were  to

be removed , and  t he r e fo re  the area  of i n t e r e s t , was the upper , or nor th

bay (F igu re s  2 , 3 , and 4). It is that port ion of the e s t u a r y  north of Sari

Pablo S t ra i t s , cons i s t i ng  of San Pablo and Su isun  Bays , the Carquin ez

St ra i t s  sepa ra t ing  them , and the var ious  inflow r i v e r s , pr inc ipal l y the

Sacramento and  San Joaquin . The la t ter  two provide  over 90 percent  of

the mean annual r ive r  d i scharge  in to  the ent i re  San Franc isco  s y s t e m.

Due to this large r ive r  inflow , the upper bay is the onl y pa r t  of the

system showing a pe rmanen t , well define d , s t rong  sa l in i ty  g r a d i e n t .

Cf  course  thi s g rad ien t  va r i e s  in locatio n and s t r e n g t h  with the seasonal

changes  in r u n - o f f , by as much as 10 pa r t s  per thousand  ppt )  at  one

location in San Pablo Bay.  Ver t ica l l y one f inds  a g rad ien t  irs the sa l in i ty

prof i l e  also. Dur ing  hig h win te r  r u n - o f f  the d i f f e r e n c e  at a location may

be as much as 10 ppt between the sur face arid the bot tom a l thoug h in

summer ’ s lower water  volume d i scha rge  it may d rop  to f ive  ppt

(Conomos and Peterson , 1977).

Cons iderab le  work has been done irs mo ni to r ing  this sys tem ’ s para-

me te r s  by the U . S. Geological Survey (U . S.G. S .)  o ff ice  in Menlo Park ,

Cal i fornia . The sal in i ty  and t e m p e r a t u r e  data p rov ided  by them is

16



summarized  on Grap hs 1 and 2 for  their  permanent  data s ta t ions  in

the area of i n t e r e s t  to this stud y (sta t ions  f ive  through 15 , as s h ow n

on F igures  3 and 4) (Pers.  corn. , Mr.  R .  Smith , U . S. G .S., Menlo

Park , Cal i forn ia) .  This area  of i n t e r e s t  then is the main shipping

channel of the upper bay,  usually being the onl y deep por t ions  of the

bay (some of it dred ged) ,  and usually the area th rough which the major

volume of d ischarge  c u r r e n t  flows . It is bounded on the southern , or

more saline , end by San Pablo Strai t , and on the n o r t h e r n , f r e s h  water

end b y Roe Island in rrs id-Suisun Bay.

17
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EXPLANATION OF FIGURES USED IN GRAPHS I and 2
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IV . PROCEDUR E

A. THEORETICAL

To analyze both the validity and r e p r e s e n t a t i v e n e s s  of the data

obta ined , the desired experimental  methods should be def ined and

compared to the samp ling technique used. In the process of comparison

the assumptions implicit in the sampling methods used must be delineated

and their validity judged.

Theoret ical ly  one would want the near - imposs ib le  fol lowing bill

of goods. F i r s t  the simultaneous identical pa in t ing  of all the buoy s

should be done immediately p r io r  to the i r  being put on s ta t ions  which are

evenl y d i s t r ibu ted  along the area of i n t e r e s t .  Second they should be

scraped clean dur ing routine ma intenanc e at the same time and in a

perfect l y uniform manner .  Third , one would lik e to sample them all

on the same day in the folloc’ing m a n n e r :  the su r f ace  should be totall y

cleaned arid all fouling o rgan i sms  collected , this  being done in g radua ted

r ing s one q u a r t e r  meter wide around the c i rcumference of the buoy,

f rom the water l ine  to the base. Four th , a p e r f e c t  anal ysis  should be

made of the samples collected; all o rganisms should be iden t i f i ed  and

counted without  exception. F i f th  and last , the water  p roper t ies  at the

buoy locations should be mo ii tored cont inuous ly  th roug hout the ent i re

per iod  of i n t e re s t . Some des i red  p rope r t i e s  would be sa l in i ty ,  oxygen ,

suspended  par t ic les , nu t r i en t  levels , pH , and t empera tu re .

24



B. PRACTI CAL

In contrast to the experimental procedure desired , the practical

methods  used  ref lect  the best acceptable compromise of these goals

super imposed  on the cons t ra in t s of r e a l - l i f e  l imi ta t ions .  The f ive

idealized requi rements  will be dealt with in tu rn , in each case the

assumpt ions  and compromises involved will be d i scussed .

The f i r s t  assumpt ion required  is , thoug h the buoys were  painted

at d i f f e r e n t  t imes pr ior  to their  being put in the water , that  no loss of

ant i - foul ing  e f f ec t iveness  was su f f e r e d  due to exposure  while on land.

This can be cons ide red  an excellent  a ssumpt ion  s ince the an t i - fou l ing

pain t was covered  with two coats of color paint which would p r e v e n t

the leeching of toxins , eve n by ra in  (t h e r e f o r e  ~time sinc e last  pa in ted”

data of Table 1 was f i g u r e d  f rom elapsed time since the buoy was placed

on s ta t ion  i:s the wa te r , not elapsed time since it was pa in ted) .  As for

regular  spacing along the stud y area  - Table I and Figures  2 , 3 , and 4

show that  th is  goal was not as well met (Buoy 7 and 8 , and 11 and 12

were  ‘c r o s s - c h a n n e l  buoys , in o ther  w o r d s  d i rec t l y across  the main

channel f rom each o the r .  Their  separa t ion  d i s tance  was about  0. 1

nautical miles , and they were not cons idered  in the following d i scuss ion) .

The mean d i s t a n c e  between buoys was 1. 6 n . m . with a s t andard  devia t ion

of 1. 9 n. m. , in other words , a l a rge  degree of va r i ab i l i t y .  However if

the excess ive ly  la rge  dis tanc e be tween  San Pablo Bay ’ s Buoy 13 and

Suisun  Bay ’ s Buoy 10 (due to the Carqu inez  S t ra i t s~ is lef t  out of the



calculations , the mean becomes 1. 3 n . m. with a more acceptable

standard deviation of 0. 5 n. m. Overall, then this results in a fairly

regular coverage of the San Pablo Bay region with a void between ‘he

northern end of San Pablo Bay and the middle of Suisun Bay where  buoys

10 and 14 are located.

Althoug h this was not done, the effect in terms of antifouling of the

buoys having been put on statio n simultaneousl y, may be assumed with

reasonable certainty. This is due to their accumulated immersion

t imes ( i . e .  , ‘ t ime since las t  p a i n t e d ”  of Table 1) ,  none of which is less

than 35 mo nths .  Since the general ly  accep ted  e f f ec t ive  l i f e t ime  of the

s t a n d a r d  U . S. Navy  an t i - fou l ing  paint is two y e a r s , t h e r e  shoul d not

have been any si gn i f i can t  bias due to pa in t  toxins of d i f fe r ing  concentra-

t ions on d i f f e r e n t  buoys (Pers .  com. , Dr. E. C. Hader l ie , Naval

Pos tg r adua t e  School , Monte rey ,  Ca l i fo rn ia) .  The ope ra t i ve  fac tor  is

r a t h e r  the time since the buoy was last  pulled out of the water  for

cleaning.  Table 1 shows that  all but f ive  buoys have an elapsed time

of very  close to one year  since being scraped  clean (except ions  being

Buoys  3b , 5 , 7 , 11 , and 10). The re fo re  the requi reme nt that  the buoys

were  put on s ta t ion and las t  cleaned s imul taneous ly can be said to have

been fairl y well met , with the exceptions noted above. In t e rms  of effec-

tive data points throug hout the area  one should note that  Buoys 7 and 11

are  c ro s s - channe l  buoys  f rom other  buoys  which a re  ve ry  close to the

one year  mark , so they do not p rov ide  a gap in the data g r id .  Buoy 3b
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is j u s t  a r e - s a m pling of Buoy 3a which was also on the one year time

mark  since be ing  c leaned.  Onl y Buoys  5 and 10 are  a problem then in

sa t i s f y ing this  requi rement .  The mean time sinc e las t  c leaning and

s t anda rd  devia t ion  values  of Table I are  for all the buoys , but if they

a r e  r e f i g ur e d  without  the above five buoys  the more sa t i s f ac to ry  resul t

is a mean value of 12. 0 months and a s tandard  deviatio n of only 0 . 9

months. Of additional value is the fact  that samples f r o m  Buoys 7 , 11 ,

and 3b are  at the same sa l in i ty  points  as are one year  Buoys 8, 12 ,

and 3a , so that a measure  of reco loniza t ion  rates may be obtained

following being scraped  clean.

The des i red  objective of having the buoys sampled simultaneously

was also well satisfied due to the mass removal of  buoys when the whole

series of previously discussed piling s was in place and activated. The

U.S.C.G.C. Blackhaw on August 2, 9, and 10 , 1976 , removed almost

all the navigat ional  buoys of the upper bay, permitting relat ivel y large

numbers  of samples to be obtained over a shor t  t ime per iod  (23 samples

in two 12 hour pe r iods , seven days apar t) .  The one week separa t ion

between sampling per iods may be considered neg ligible in lig ht of a

one year  period for the biofouling g rowth  to accumulate .

Also third on the list of ideal ized requi rements  was the specific

methods of collecting the organisms from the buoy sur face. It was

s impl y not possible to scrape the entire surface of the buoy and re ta in

all the organisms on it; this was even less possible for narrow bands
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f r o m  the wa te r l i ne  down. The next  best  solut ion would be to take samp les

of u n i f o r m  a rea , at uni form locations on the buoys , and to a grea t

degree  th i s  is what was done. Two sample s were  collected fr om each

buoy (except  for  Buoy 3a , the f i r s t  one done and a ‘ methods tes t ing ”

case~ , each was ~~~ square  cm , with bottom and top ed ges of the square

parallel to the wa te r l i ne  of the buoy. A s u r f a c e  sample was taken so

tha t  the top edge of the Q29 square cm area just encompassed the upper

l imits  of al gae g r o w t h , c o in c i d i n g  with the buoy ’ s water l ine. The other

sample was obtained b y moving d i r ec t l y down the buoy f rom the sur face

sample locat ion and ali gning the sample area ’s top ed ge with a depth

6 1 cm below the water l ine .  The buoys were checked visual l y for bias

growth  due to c u r r ent  ef f e c t s , but none was observed and so any repre-

sen ta t ive  point along the  diameter was chosen for  the su r face  sample

and this then f ixed the ~ 1 cm level sample ’ s posi t ion also. The actual

collection of o r g a n i s m s  f rom the sample area  was made ra ther  c rude l y

with the buoy on deck and out of the wa te r  no more than f ive minutes .

A paint sc raper  was used  to clean an a rea  into a hand, then the or-

ganisms were  cleaned f rom the han d into a clear plast ic  bag,  which

was sealed with wi re  a f te r  being fi l led with 40 percen t  forrna lin  diluted

1:10 with water .

As detailed in Table 1 , the f i r s t  t h r ee  buoys  to be sampled were

not  uniformly scraped with r e spec t  to area .  This was a r e su l t  of the

ini t ia l  des i re  to sample an a rea  of ~ne qua r t e r  square  meter  vice 929

28



square  cm one square  foot ) .  The l a r g e r  area would have been bet ter

in t e r m s  of ge t t ing  a more r e p r e s e n t a t i v e  collect ion of species and

l a r g e r  populat ions of each one. Unfor tuna te l y, the plastic bags used

were  too small to hold a qua r t e r  square  meter  area ’ s biomass and too

few bags were  available to devote several  to each sample. This is

what r equ i red  a reduct ion  of sample area to 929 cm and , even more so ,

a f u r t h e r  r educ t ion  to 232 square cm for two buoys (Buoys 7 and 13)

due to the e x t ra - h e a v y  mussel  colony growth  on them. This p roved  to

be a key compromise and a real problem in looking at species  population

t r e n d s .  It also required  multip lic a tion b y appropr ia te  numerical  con-

s tants  to co r r ec t  number of individuals  per buoy f i g u r e s  used for each

species on Tables 2 , 3, and 4 to 929 square cm equivalent  values for

Buoys 3a, 13 , 14 , and 7. How much of an effect  this  had is hard to

determine, al thoug h looking at the “numbers  of species per buoy ”

values on Table 1 sugges t s  that  it was not s ign i f i can t . The overal l

reduc t ion  in the s tandard sample area is a ser ious  problem and will

be discussed at length la ter .

Another des i red  parameter  was e r r o r - f r e e  anal ys is  of the sample

onc e obtained. All microscope work was done wi th a Bausch and Lomb

binocular  microscope within  the magni f ica t ion  range of 7x to 30x .

This l imited the s tudy to the l a rger  mu]t -cellar o rgan isms , with the

amphipods being about the smallest  size it was possible to ident i f y

wi thout  aid f rom an outs ide  source .  A point  in favo r of the accu racy

‘0



of the analysis is that all the populat ion values were obtained by one

investigator minimizing e r r or  due to different methods of count ing .

Identification of algae and smaller species (bryozoans , some worms ,

and molluscs) was done as needed with the aid of experts , as noted in

the introduction.

Finally,  a total monitoring of the environment of the upper bay was

required to have an accura te  data base f rom which to re late  the bio-

fouler ’ s d is t r ibut ion , and thereby deduc e which species show some salin-

ity  to lerance limits and what they are .  The onl y data available to this

researcher for the one year period immediately prior to August, 1 976 ,

was the U. S. G. S. informa tion summarized on Graphs 1 and 2. It was

felt that data for that period only, and not averages from previous

years, should be used since the recen t  two year  droug ht has dras t ical ly

altered the river discharge levels. The U . S. C. S. was not monitoring

these stations on a regular  basis  th roug h th is  period , but ra the r when

necessary during occurrenc e of a special project. This resulted in a

ra the r  i r r e g u l a r  dis t r ibut ion of samp ling d a t e s :  four  in September 1975 ,

two in Jul y 1975 , and two in Jul y 1’376 , out of 11 total sets of tempera-

ture  and salinity values. The most noticeable fa c tor is the low varia-

bility in tempera tur e sugges t ing  that either sal ini ty or some other

unmeasured  parameter  is responsible  for  species  d i s t r ibu t ion .  It

would have provided a more rel iable data base to have these values

30



F more evenl y spaced throug hout  the year , but  the mean values a re

reasonable  and are  believed to define well the the g r a d i e n t s  of the

upper bay during that  period.
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V . DATA P R E S E N T A T I O N

A . TABLES

All the tables list the buoys in the following manner: the leftmost

buoy is in the most saline , southwesterly end of the study area. To

the right of this , progressively , the buoys are ordered in both decreasing

salinity and more northeasterly geographical position until the other

extreme of the area is reached at Buoy 14 in Suisun Bay. Table I sums

up in this way the various facts  of the buoy histories and geograp hical

positions as obtained from two sources. One was the buoy history

records kept on board the U.S. C. C. C. Blackhaw by the A i d s - T o - N av i g a -

t ion of f icer , the other  was the s t anda rd  U . S. Coast and Geodet ic  Survey

nautical charts (of which p o r t i o n s  were  used to fo rm Figures  1, 2 , 3 ,

and 4).

Tables 2, 3, and 4 list all species identified and the numbers of

each counted per sample (as noted previousl y, some o these are  the

result of correction by numerical constants). For both Buoys 7 and 8,

Balanus crenatus and Balanus improv i sus  were  so in te rmixe d that  no

clear determination was possible of how many of each species were

present without identifying each individual organism one by one. These

counts were denoted by vertical lines bracketing the “numbers of

organisms ” values, which were themselves staggered between the

B. crenatus and B. in~~rov i sus line s.
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Table 5 l i s t s  species  for  which populatio n t r ends  th roug h the

stud y area could be subject ivel y d i s c e r n e d .  It is divided into t h r e e

p a r t s ;  the upper  po r t i on  shows s u r f a c e  sample species t rend s based on

Table 2 . The middle sect ion is for species t r end s based on Table 3

reflecting the 61 cm level sample populat ions.  The lower port ion is

from analysis of Table 4, the combined populatio n data of both Tables

2 and 3.

The following sys tem was used to anal yze  the informat io n in Tables

2 , 3 , and 4 to a r r i v e  at Table 5. F i r s t , to e l iminate  the  e f f e c t s  of

chance as much as possible (especially on a species with a small total

population showing a false t rend  pure ly  by some accident ia l  d i s t r ibu t ion

of its f ew organisms ) , these  cr i te r ia  must be met for  the species to be

put in Table 5. If it was recorded on Tables 2 , 3 , and 4 as p re sen t !

not present (for example , algae), it had to be p r e s e n t  on at least  two

buoys of that table. For a species whose population on each buoy was

recorded , it had to be present on at least two buoys , and its total

number of individuals  on that  table must  exceed f ive .  Second , genera l

t r ends  in the digi t  s i ze  of populat ions per buoy were used as much  as

possible in an attempt to smooth over  the var iab i l i ty  i n h e r e n t  in the

values r eco rded  on Tables 2 , 3 , and 4 t o r  examp le , the t r e n d  f r o m  a

one dig it f i g u r e  to a three digit  populat ion per  buoy,  p r o c e e d i nc  u p r i v e r ,

for  Synidotea la t icauda on Table 4) . Final l y ,  the point must  be made
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that Table S was made up w i t h  the g e o g r a p hical  d i s t r ibu t ion  of the

buoys in mind , espec ia l l y the si g n i f i c a n t  d is tance  between Buoys 13 and

10; for  i n s t ance , if hi g her population values  a re  c o n c e n t r a t e d  th roug h-

out Buoys  7 th roug h 13 , a l though they a re  to the r ig ht physical l y on

Table 4 , they a re  in the center  of the s tud y a rea  and are  included under

the “maximum in m i d - a r e a ” ca t ego ry  of Table 5.

Two species fu l f i l l ed  the above L r i t e r i o n , yet  do not  f i t  in to any

ca t ego ry  ~f Table 5. One is Cer arn n i,um ca l i for r i icum,  a red al g ae was

found at ei ther  end of the stud y a rea  but nowhere  in between.  The other ,

the “Unident i f ied  nemer tean ’ worms are  evenl y d i s t r ibu ted  over the

whole area  in low numbers  ( there  may be more than one spec ies) .

Both are  f rom Table 4 and have  been left  off Table 5.

B . ILLUSTRATIONS

The dominant species of San Pablo Bay was the mussel  Mytilus

edulis as depicted in I l l u s t r a t i ons  2 , 3 , and 5 . This mussel colony

growth was most dense on the buoys  c loses t  to the sou the rn  limits of

San Pablo Bay I l l u s t r a t i on  2 ve r sus  I l lustrat ion 3’~, and on the buoys

that had been in the water since last being cleaned the longest (Illustra-

tions 3 and 5). Supported b y th i s  dominant g rowth  were  mul t i tudes  of

worms, amphipods , and isopods with tunicate , bryoz oan, and barnacle

growth directl y on the mussel shells. Caprellids formed an important

part of the b iofou l ing  communi ty  of a newly-immersed buoy until the
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mussel  colony approaches  one year  of age , at which time the caprel l id

population drops  d ras t i ca l ly (cor re la t ion  of Tables I and 3 shows high

Caprella equilibra and low M yti lus  edulis populat ions on buoys with

shor t  per iods  of time since having been cleaned , and the r e v e r s e  for

the buoys  having had about a year to develop a mussel  colony without it

being cleaned off) .  The mussel  colony showed l i t t le  ver t ical  va r ia t ion

remaining a relatively uniform thickness to within 10 cm ot’ the surface.

The dominant growth of the Suisun Bay buoys appears to be more

ver t ical ly s t r a t i f i ed .  Near  the su r face  is a heavy  r ing of algae , below

which , extending  for about 30 cm , is a lig ht , low biomass growth  con-

s is t ing  mostly of smaller scat tered barnacles  and amphipods (Illus-

t r at ion  4) . Commencing at about 45 to 60 cm below the su r f a c e  was

an increas ingly heavier  growth  of e rec t  b ry ozoans  (Membranip ora

perfragilis) living dir ec tly on the surface of a layer of l a rger  barnacles

(Balanus improv i sus) .  The bryozoan  growth  was so dense as apparen t l y

to block the feeding appara tus  of the barnacles , since whe reve r  the

b ryozoan  growth exceeded about 1. 5 cm in th ickness  the barnacles  to

which  i t  was at tached to were  dead. Large  numbers of isopods and

amp hipods - with d i f f e r e n t  species dominat ing than in San Pablo Bay -

l ived in the b ryozoan  growth at this depth also.
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TABt. E 2
SPECIES DISTRIBUTION OF SURFACE SAMPLES

BUOY NUMBER 2A 3a 3b 5 7 8 9 II 12 13 tO 14

SPECIES:

CHRYSOPHYTA
Colonial diaton,s x

CHLOROPHYTA
Er~terovnorpho intestino lis X X X X X
Ulva lobato X X X X X
~T~~ophora microclodioides X X

RH 000PHYTA
Ceromnium colifo rnicurn X
P~iyneoro lot issima

HYDROZ OA
Tubulorio crocea
Obe li o

PLATYHELMINTHES
Sty lochus francisconus 7
Unidentified TURBELLARIA

N EMERT EA
Emp lecto nern o graci le II I
Unidentified~~en,erteon 2 ~ 2

POLYCHAETA
Ha losy dna brevisetoso 3 ~Harmot hoe imbricata 2
Neor~thes sucdna 50 5 38 9 I 4
Un dentified NEREIDAE
Unidentified polychaete

CIRRIPEDIA
Bolanus crer,atus 930 Z 32 62 301 L71 132
______ 

improvkus r 141 69 82 121
IS OPODA

Unidentified IDOTEIDAE I
Synidotea loticauda
Gnorimosphaero~no

oregonensis 301 I 19 78

GAMMAR IDEA
Arnpithoe Iacerto~o 38 317 209 505 559 202 492 104 274 311
Corophium sp inicorne 3 3 8 6 I 883 1079
.Jassa folcoto 26 I 1018
Porapleustes pu9ettensis 399 I I 131 59

CA PR E LL IDEA
Coprella equilibro 29 I 15

EUCAR IDA
Cancer sp.
He~ tgropsus oregonensis
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TA BLE 2 (con t . )

SPECIES DISTRIBUTION OF SURFACE SAMPLES

BUOY NUMBER 2A 3a 3b 5 7 8 ~ u 1 1 2  L3 W t4

SPEC IES:

GASTROPODA
Odoston,io (Evalea )~~~

OPISTHOBRANCHIA
Okenia plano

BIVAL V IA
Mytilus edulis 752 I 157 16
Ke llio Iaperousii
~~~~arenar ia

ECT OPROCTA
Unidentified

CTENOSTOMATA
Electra crustulenta
Electra crustulenta arctico
Membronipora perfrog ilis
Hippothoc hyo Una 0

IJROCHORDAT A
Ascid ia ceroto des 6 19

INSEcTA 0
Unidentified larva 64 Z 5 176 10 80 164 73 67 73 22 45

L _ ~~~~~~_ _
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TABLE 3
SPECIES DISTRIBUTION OF 61 CM DEPT H SAMPLES

BUOY NUMBER 2A 3a 3b 5 7 8 9 II 12 13 10 14

SPEC IES~
CHRYSOPIIYTA

Colonial diatoms X

CHLOROPHYTA
Enteromorp ho intestina lis X x
UIva Ioboto
~1~~ophora microclodioides

RHODOPHYTA
Ceromnium californicum X X
Polyneura lot issimo X

I-IYDROZOA
Tubuloria croceo X X
Obelia sp. X X X X X

PLATYH ELM INT H ES
Sty lochus franciscanus 3 4 I 3 3 8 29
Unidentified TURBELLARIA I 3

NEMERTEA
Emp lectonemo groci le
Unidentified nemerteon I 3

P0 LYC HA ETA
Holosy dna brev isetoso 2 I I
Hormothoe imbricoto 41 72 12 27 28
Neanthes succino 17 I 8 84 30 39 34 23 36 6 3
Unidentified NEREIDAE 20
Unidentified polyc haete

CIRRIPEDIA
Bolanus crenatus 876 9 6 88 130C 591
Balonus improvisus 918 733 392 848 40 1711

ISO PODA
Unidentified IDOTEIDAE
Synidotea laticouda I 4 19 180
Gnodmosphaeroma

oregonens s 143 9 42 36 229 166 24 30 384 I 2

GAMMAR IDEA
Ampitho. locertosa 4 2 4 54 20 94 551 87 478 36 261 830
Corophium spinicorne 8 4 8 II 12 6 63 208 72 4 4159 2458
Jossa folcoto 2 2 I 380
~~~~~ Ieust es pugett ens is 16 30 15 344 442 9 55 36 94 142

CAPR ELL IDEA
Caprella eguilibra 1883 603 67 485~ II 36 382: I

EUCAR IDA
Cancer
Hem grapsus oregonensis 4 t O
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TABLE 3 (cont .)
SPECIES DISTRIBUTION OF 6t CM DEPT H SAMPLES

BUOY NUMBER 2A 3a 3b 5 7 8 9 II 12 13 10 14

SPECIES:

GASTR OPODA
Odastomio (Evaleo ) so . 2 4 7

OPISTHOBRANCHIA
Okenia piano I 16 22

BIVALVIA
Mytilus edulis 556 16 64 1624 513 406 77 34 680 3 10
Ke Uia Ioøercusii I
~1~~orenor ia 4

ECTOPROCTA
Unidentified

CTENOSTOMATA X
Electra crustulenta X
Electro crusrulenta arct ica X X X x x
Membroniporo perfrog ilis X X
Hippot hoo hyo lino X

UROCHORDATA
Ascidia cerotodes 9 844 194 164 43 156

IN S E CIA
Unidentified lurvu 3 9 1 4

3 (
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TABLE 4
TOTAL SPECIES DISTRIBUTION OF SAMPLES

BUOY NUMBER 2A 30 3b 5 7 8 9 II 12 13 10 14

SPECIES :

CHRYSOPHYTA
Colonial diotoms X x

CHLOROPHYTA
Enteromor pha intestinalis X X X X X X
Ulvo lobata X X X X X
~‘T~~ophora microclodioides X X

RHODOPHYTA
Ceromnium califo rnicum X X x
Polyneuro lat issima X

HYDROZOA
Tubulario croceo X X
ObeIio~~ . X X X X X

PLATYHELM INTHES
Sty lochus franciscanus 3 4 I 3 3 8 36
Unidentified TURBELLARIA I 3

NEMERTEA
E~~ Iectonemo graci le II
UnidenUfkd riemerfean 2 2 I 3

POLYCHAETA
Hoiosydno brev isetosa 5 I I I
Harmothoe imbricoto 41 74 12 27 28
Neanthes succina 67 I 5 8 122 39 39 35 27 37 6 3
Unidentified NEREIDAE 20
Unidentified polyc haete I

CIRRIPEDIA
Bolonus crenatus 1806 9 38 ISO 160 1 962 132
Bolanus improvTsus 1059 802 392 930 161 1712

ISOPODA
Unidentified IDOTEIDAE I
Synidoteo loticauda I 4 19 181
~ nor imosphoeromo

oregonensis 444 24 I 61 36 307 166 24 30 385 I 3
GAMMAR IDEA

Ampithoe Iacertosa 42 2 4 371 229 599 1110 289 970 140 535 1141
Corophium sp inicor ne II 4 8 II 15 14 63 214 73 4 5042 3537
Jasso faTcata 28 2 2 1398
!~~~~ JeusPes pv gettensi s 415 30 I 16 475 481 9 55 36 94 142

CA PR E L L IDEA
Caprella equilibro 1912 603 67 4854 II 37 3842 I

EUCAR IDA
Cancer I
Hemi gropws ~~~~ onensis 4 10
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TABLE 4 (cont .)
TOTAL SPECIES DISTRIBUTION OF SAMPLES

BUOY NUMBLR 2A 3a 3b 5 7 8 9 II 12 13 10 14

SPECIES:

GASTROPODA
Odostomia LEvaleG ) sp. 2 4 7

OPISTHOBRANC HIA
Okenio pIano I 16 22

BIVAL V IA
Mytilus edulis 1308 16 65 1781 529 406 77 134 681 3
Ke Ilia Ioperousii I

~ x~~
orenor io 4

Ed 0 PR OCT A
Unident ified

CTENOSTOMATA x
Electra crustulenta x
Electra crustulento arctico X X X X X
Membroniporo perfrogifls X X
Hlppot hoa hyo lino X

UROCHORDATA
Asc idia cerotodes 15 863 194 164 43 156

INSECTA
Unidentified larva 64 5 176 10 83 164 82 68 77 22 45
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TABLE 5

POPULATION TRENDS

POPULATION INCREASING IN THE DECREASING IN THE MAXIMUM VAL UES IN
TRENDS UPRIVER DIRECTION UPRIVER DIRECTION MID-AREA

Surface Sam— Cladophora Emplectonema grocile Enteromorpha intestino lis
pIes microcladioides Neonthes succino Ulvo lobato

Balanus improvisus Balonus crenatus Amp ithoe lacertasa
Corophium spinicorne Gn~~T~ osphaeromo Jassa fa lcato

oregonen s is Ascidia cerotodes
Porap leustes pugettensis Unidentif i ed insect larvo
Caprella equilibra
~ytih~s eduIis

61 cm Level Obelio sp Ceromn um cal ifornicum Enterornorpho intestina lis
Samples Sty Ioc1~us froncisconus Tubuloria crocea Hormothoe imbricoto

Balanus improvisus Balanus crenotus Neonthes succina
Synidotea Iaticoudo Gnorimosphaeromo
Amp[

~
hoe lacertoso oregonens s

Corophium sp inicorne Jas.sa fo lcara
Hemigrapsus oregonens is Parap leustes pugettensis
Okenia pIano Caprella eguilibro
Membronipora perfrag i I is Odostomio (Eva lea) ~~~~~~

Myti lus edulis
Electra crustulento arctico
Asc idia ceratodes
Unidentified insect larva

Total Samp le Cladophora Colonial diatoms Enteromorp ho intestina lis
mkroclodioides Tubulorio crocea Ulva lobato

Obello sp. 
~~~~p~ ectone rna graci le Hormothoe imbricoto

St y lochus fronciscon us Halosy dna brevisetosa Neanthes succina
Ba lanus improvisus Balonus crenotus Gnor imosphaeromo
Synid~~eo lat icouda Po~~ l~ustes 2~gettensis oregonensis
Ampithoe locertoso Myt ilus edulis Jassa f o l cot a

Corophium sp inicorne Electra crustulento orctica Caprello equilibra
Hemigrapsus oregonensis Odostomia (EvoIea)j~~Okenia ~~~~ Asc idia ceratodi~sMem~~oniporo perfrog ilis Unidentified insect larva

_________________ _____________________________________ _____________________________________ _____________________________________ 1
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Illustration 2. Buoy 2A located iii south San Pablo Bay, the most
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saline end of the study area .
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IlIust r~ton  6. Buoy 5, scraped two months one ..eek prior to the
picture being taken .
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VI . C O N C L U S I O N S  A N D  R E C O M M E N DA T I O N S

A . C O N C L U S I O N S

T’4~e r e s e a r c h  accomp lished one of i t s  two main object ives .  It did

in fact  examine , identif y , count , and r ecord  the b iofoulers  typical  of

floating ha rd  surfaces  in or near the main shipp ing channel  of San Pablo

ari d Suisun Bays  and the r e su l t s  are  summarized in Tables 2 , 3 , and 4.

The fo r tu itous  sampling in a short  perio d of t ime of a l a rge  number of

buoys  spanning mos t  of San Pablo and some of Suisun Bays gives  a good

i l l u s t r a t i on  of the biofoul ing communit ies  in these e n v i r o n m e n t s .  The

San Pablo Bay community is dominated by the mussel  Mvtilus edul i s ,

the dens i ty  of the g rowth  is i nc r ea sed  by both increased  leng th  of t ime

immersed , and b y a more  souther l y (more saline~ locat ion irs the bay.

-~~so observed a re  the t un i ca t e  A s c i di a  ce ra todes,  the  ba rnac l e s  Balanus

~. r enatu s and Balanus i m p r o v isu s ,  var ious  worms , amp hipods , and

er i c ru s t i ng  b ryozoans.  On  the o ther  hand , the Su isur i  Bay buoy s  showed

ve r t i ca l  s t r a t i f i c a t i o n s  in g rowth  with  algal r i n g s  at the s u r f a c e , and

l i t t le  below tha t ;  then , i n c r e a s i n g  with depth and beg inn ing  about 61 cm

below the s u r f a c e , a colony of the e rec t  b ryozoar i , Memb ’anipora

~~~r f r a g i l i s  was p r e s e nt  up to 4 cm thick. At  i t s  thicker  por t ions  it

appeared to be des t roy ing the s u r f i c i al  ba rnac le  g r ow t h  upon which it

is a t tached by b iocking the barnacle ’ s feeding appara tus .

•: 1)



The other main object ive , co r re la t ing  species population t rend s

with the salinity g rad ien t  of the stud y area , was not very  well achieved

due to the lack of su f f i c i en t  population numbers  per buo y of many

species to real ly determine their sal ini ty to le rances .  One of the most

s t r ik ing and best  documented salinity ‘borders ” was the value of 21 ppt

for  the barnacles  Balanus crer i a tus  and Balanu s improv isus .  Onl y B.

c r e n a t u s  was found on buoys in h igher  salinity env i ronmen t s , while

B. improvisus,  with one exception , was the onl y barnacle  found irs

lower sa l in i ty  locat ions.  Thi s one except ion was not very  far  up r ive r

from the 21 ppt g r a d i e n t  l ine , and may ind ica te  a point where  eddies

or local per tu rba t ions  of the mean flow may in t roduce  hig her sal ini ty

water  at that  point  wi thout  it  being ref lected in the U . S . G. S. s tat ion

data. However , r ig ht at 21 ppt , on Buoys 7 and 8 the two species

in te rmingle f ree l y. This may be due to the fact  that  21 ppt is j u s t

within the su rv iva l  salinity to lerance for both species ;  or it  may resul t

f rom nei ther  species , at this  sa l in i ty , hav ing  an ed ge over the other in

adapting to thi s  par t icula r env i ronment .  Many o the r  spec ies  showed

t r e n d s  to v a r y ing degrees , as detai led on Table 5 , but not as well

def ined.  To obtain the des i red  reliable cor re la t ion  between species

and sa l in i ty  will requ i re  more organisms per  buo y per species .  This

in turn requ i res  sampling a l a rge r  area than was achieved using the

exper imenta l  methods of th is  r e s e a r c h  p ro jec t .

__- 
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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B. R E C O M M E N D A T I ON S

Two recommendations to future reseachers are submitted.  One

is to develop a better sc rap ing  technique and app ly it to uni form a reas

on all the surfaces to be sampled. Second , either  limi t the s tudy to

fewer  buoys and sample l a rge r  s u r f a c e  a reas , or attempt to include a

population trend anal ys i s  for onl y the half dozen numerically most

common species.

Fur ther  r e sea rch  in the same areas  of San Franc isco  Bay would

be of value to con f i rm  or deny tht. biofouling community profi les  deter-

mined in this stud y (especially in yea r s  of more  norma l r iver  d i scharge

pat te rns  1. Steel pil ings have been located permanent ly where the buoys

at one time were , and one may either sample a l a rge  number of the :n as

th i s  s tudy has done , or look v e r y  ca re fu l l y at almost  the en t i re  su r face

of one (or a few f rom the wate r l ine  to the bottom . Exact informat ion

concerning the time and locatio n implanted , and ant i fouling  t r ea tmen t

used , if any ,  for  the unde rwa te r  port ions may be obtained f r o m  the U . S.

Coast Guard  in San Francisco.  Salinity and t empera tu re  p a r a m e t er

for  that port ion of the bay may be obtained f rom the U. S. Geologicai

Survey in Menlo Park , California . To obtain more regularly scheduled

data , a r e sea rcher  may wish to gather his own data at the piling s . This

could be done in two ways ;  e i ther  way is ra ther  expensive .  One way

would be to attach a set of measur ing  and record ing  (or t r a n s m i t t i ng )

gear to each platform ( th is  would r equ i r e  permiss ion  of the U. S. Coast
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p Guard ’) . The other  way would be to mount  this  gear in a boat , as the

U . S. G. S. has done , and to c ru i se  a set of s t anda rd  s tat ions on a

regular  basis .

Other  types  of buoy biofouling stud y sugges t  themselves  such as a

stud y of the three  o f f shore  “monster  buoys ” used in place of lightships

off  the Cal i forn ia  coast.  One of the th ree  is broug ht in each year to

San Franc isco  for  overhaul  and d rydock ing , o f f e r i n g  a large (20 me te r s

in d iamete r )  su r face  area with  th ree  years  wor th  of dense biofouling

growth  which was at a known location for  a known per iod  of time.

Another  s tudy  possibil i ty would be a s ampling of the n e a r - s h o r e  oceanic

convent ional  buoys (such as the one off Pt. Pinos , Monte rey)  in a north-

south s u r v e y  (one buoy tende r  based  in San Franc isco  se rv i ce s  all the

buoys between Mor ro  Bay and the  Ca l i fo rn ia -Oregon  b o r d e r ) .
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